
US007511379B1 

(12) United States Patent (10) Patent N0.2 US 7,511,379 B1 
Flint, Jr. (45) Date of Patent: Mar. 31, 2009 

(54) SURFACE MOUNTABLE DIRECT CHIP 5,126,286 A * 6/1992 Chance ..................... .. 438/462 

ATTACH DEVICE AND METHOD 5,146,308 A * 9/1992 Chance et a1. 257/782 
INCLUDING INTEGRAL INTEGRATED 5,356,838 A * 10/1994 Kim ............... .. 438/465 

CIRCUIT 5,606,198 A * 2/1997 Ono et a1. 257/666 
5,661,901 A * 9/1997 King .............. .. ... 29/830 

_ . . . 6,188,126 B1* 2/2001 Pedersen et a1. .. 257/685 

(75) Inventor‘ D‘ Mlchael Fhnt’ Jr"Be1A1r’MD (Us) 6,326,689 B1* 12/2001 Thomas .......... .. 257/734 

. . . _ 6,379,999 B1* 4/2002 Tanabe .... .. 438/113 

(73) Ass1gnee: National Semiconductor Corporation, 6,391,685 131* 50002 Hikita et a1‘ ____ __ 438/113 

Santa C1ara,CA(US) 6,414,374 B2* 7/2002 Farnworth et a1. 257/620 
_ _ _ _ _ 6,727,116 B2 * 4/2004 POO et a1. ........ .. 438/106 

(*) Nome: SubJectw any dlsclalmentheterm ofthls 6,872,594 B2* 3/2005 Gebauer et a1. 438/107 
patent is extended or adjusted under 35 6,894,386 B2* 5/2005 Poo et a1. .................. .. 257/730 
U.S.C. 154(b) by 208 days, 6,951,801 B2* 10/2005 Pozder et a1. ............. .. 438/462 

(21) Appl. No.2 11/389,412 * Cited by examiner 

. _ Primary ExamineriAlexander G Ghyka 
(22) Flled' Mar‘ 23’ 2006 Assistant ExamineriSeahvosh J Nikmanesh 

(51) Int Cl (74) Attorney, Agent, or FirmiBeyer LaW Group LLP 

H01L 23/04 (2006.01) 
H01L 23/06 (2006.01) (57) ABSTRACT 

H011‘ 29/40 (200601) A surface mountable chip comprises a semiconductor sub 
(52) US. Cl. ..................... .. 257/774; 257/684; 257/730; Strate having IC devices fonned thereon and also Vertically 

_ _ _ 257/E23'174; 257/E21'141 exposed electrical contacts formed as part of the 1C fabrica 
(58) Fleld 0f Classl?catlon Search ~~~~~~~~ ~~ 257/ 1323-001, tion substrate. MetalliZation lines electrically connect the 1C 

257/ 1323-002: 1323-011’ 1323-141: 1323-169’ devices With the contacts. The inventor also contemplates 
_ _ 2570323174, B23175 Wafers having electrical connection vias in place on the 

See aPPhCaUOn ?le for Complete Search hlstory- Wafers in preparation as a product for further fabrication. A 
(56) References Cited method embodiment of the invention describes methods of 

4,930,216 A * 

U.S. PATENT DOCUMENTS 

6/1990 Nelson ...................... .. 29/854 

fabricating such surface mountable chips. 

5 Claims, 7 Drawing Sheets 

100 

121 



US. Patent Mar. 31, 2009 Sheet 1 of7 US 7,511,379 B1 



US. Patent Mar. 31, 2009 Sheet 2 of7 US 7,511,379 B1 

200 

FIG. 2A 

202 

2 0 2 



US. Patent Mar. 31, 2009 Sheet 3 of7 US 7,511,379 B1 

FIG. 2C 

202 

l‘l 



Sheet 4 0f 7 US 7,511,379 B1 US. Patent Mar. 31, 2009 

FIG. 38 

FIG. 4 

305 

304 FIG. 5 



US. Patent Mar. 31, 2009 Sheet 5 of7 US 7,511,379 B1 

302 

305 

304 

307 

FIG. 6 

301 

310 

FIG. 7 



US. Patent Mar. 31, 2009 Sheet 6 of7 US 7,511,379 B1 

302 

w .301 
FIG. 8A 

314 

316\ / 

@ 
FIG. 8B 

315 
FIG. 8C 



US. Patent Mar. 31, 2009 Sheet 7 of7 US 7,511,379 B1 

Providing a semiconductor wafer "\jstep 901 

. . . Step 903 
Forming was that extend Into saw streets N 

V St 905 
Filling the vias with a conductive material ’\/ ep 

Step 906 

Removing backside 
_________ _ _ portions of the wafer 

optional exposing electrical 
contact bottom surface 

r 

Fabricating lC’s in integrated circuit regions NStep 907 

l 
Electrically connecting lC’s with associated electrical contacts 

l 
Singulating the wafer “Step 911 

Step 909 
N 

FIG. 9 



US 7,511,379 B1 
1 

SURFACE MOUNTABLE DIRECT CHIP 
ATTACH DEVICE AND METHOD 

INCLUDING INTEGRAL INTEGRATED 
CIRCUIT 

TECHNICAL FIELD 

The invention described herein relates generally to silicon 
die, and more particularly a silicon die integrally fabricated as 
part of a surface mountable chip. 

BACKGROUND 

Common microelectronics packaging involves attaching a 
chip onto a package or leadframe, Wirebonding the chip con 
tacts to the package contacts and then either molding or 
hermetically sealing the package. The packaged chip is then 
suitable to be put into its ?nal application, Whether that be 
placed in a socket or soldered to a board. The advantages of 
this general method are found in the ?nished parts durability 
and reliability. These types of packages lend mechanical and 
environmental protection to the chip Within. 

Although useful in their oWn Way, such packages have 
certain limitations and improvements that can be made. The 
most notable dif?culties these packages have are their large 
siZe as compared to the chip siZe, cost of manufacture and 
cycle time for production. Accordingly, What is needed is a 
method and apparatus for fabricating an integrated structure 
including both the IC and the electrical contacts on the same 
substrate so that the chip can be put directly into its ?nal use 
Without the use of Wirebonding. The device Will be a solder 
able surface mounted IC. The inventor of the present inven 
tion contemplates such a surface mountable IC device. 

SUMMARY OF THE INVENTION 

In accordance With the principles of the present invention, 
the invention includes, among other things, an integrated chip 
carrier and integrated circuit and methods for its fabrication. 

The present invention is directed structure and method for 
fabrication of a leadless chip carrier. The folloWing descrip 
tion contains speci?c information pertaining to various 
embodiments and implementations of the invention. One 
skilled in the art Will recogniZe that the present invention may 
be practiced in a manner different from that speci?cally dis 
cussed in the present application. Moreover, some of the 
speci?c details of the invention are not discussed in order not 
to obscure the invention. The speci?c details not described in 
the present application are Within the knoWledge of a person 
of ordinary skills in the art. The draWings in the present 
application and their accompanying detailed description are 
directed to merely example embodiments of the invention. To 
maintain brevity, other embodiments of the invention that use 
the principles of the present invention are not speci?cally 
described in the present application and are not speci?cally 
illustrated by the present draWings. 

In one embodiment, the invention comprises a Wafer sub 
strate for use in the construction of a plurality of integrated 
leadless chip carriers. The invention includes a semiconduc 
tor Wafer having a plurality of integrated circuit regions 
formed thereon de?ned by a plurality of saW streets. Each 
integrated circuit region has edge portions that extend into the 
saW streets. The Wafer further including vias formed in the 
edge portions of each integrated circuit region Where the vias 
are arranged so that at least a portion of the vias extend into 
the saW streets. 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
In yet another embodiment, the invention comprises an 

integrated leadless chip carrier Wherein an integrated circuit 
is integrated into substrate comprising a surface mountable 
chip. The chip includes a semiconductor substrate having an 
integrated circuit region and an edge region. The substrate 
further includes an integrated circuit fabricated onto the inte 
grated circuit region of the substrate and a plurality of edge 
mounted electrical contacts formed at the edge of the sub 
strate in the edge region. The edge mounted electrical con 
tacts having side portions exposed at the edges of the sub 
strate and a bottom surface exposed at the bottom of the 
substrate. Also, the upper portion of the edge mounted elec 
trical contacts includes stacked conductive layers that are in 
electrical contact With each other and the top of the edge 
mounted electrical contacts. The carrier further including 
electrical metalliZation lines that electrically connect the inte 
grated circuit With the plurality of edge mounted electrical 
contacts. 

In yet another embodiment, a method of forming a surface 
mountable chip having an integrally formed integrated circuit 
is disclosed. The method involves providing a semiconductor 
Wafer having a plurality of integrated circuit areas having 
integrated circuit regions and edge regions, the integrated 
circuit areas de?ned by a plurality of saW streets. A plurality 
of vias are formed in the edge portions of the integrated circuit 
areas Wherein at least a portion of the vias extend into the saW 
streets. The method includes the operations of ?lling the vias 
With a conductive material to form electrical contacts, fabri 
cating integrated circuit devices in the integrated circuit 
regions, and electrically connecting the integrated circuits 
With the electrical contacts that are associated With the inte 
grated circuits. The chips are singulated from the Wafer by 
cutting in the saW streets to separate the individual integrated 
circuit devices and expose side portions of the electrical con 
tact. 

These and other aspects of the invention Will be disclosed 
in greater detail in the folloWing detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing detailed description Will be more readily 
understood in conjunction With the accompanying draWings, 
in Which: 

FIG. 1 is a simpli?ed perspective vieW of surface mount 
able chip assembly constructed in accordance With the prin 
ciples of the invention. 

FIGS. 2A and 2B are simpli?ed depictions of a semicon 
ductor Wafer and a portion of the Wafer, respectively. The 
portion of the Wafer having an integrated circuit area formed 
thereon. 

FIGS. 2C, 2D, and 2E are simpli?ed plan vieWs of a portion 
of a Wafer shoWing saW streets and electrical connectors 
extending into the streets in accordance With the principles of 
the invention. 

FIGS. 3A and 3B are simpli?ed section and plan vieWs of 
a portion of a Wafer shoWing saW streets and vias extending 
into the streets in accordance With the principles of the inven 
tion. 

FIG. 4 is a simpli?ed section vieW of the portion of the 
Wafer shoWn in FIG. 3A depicting the via ?ll process in 
accordance With the principles of the invention. 

FIG. 5 is a simpli?ed section vieW of the portion of the 
Wafer shoWn in FIG. 4 shoWing the formation of the IC and 
electrical connections to end connectors in accordance With 
the principles of the invention. 
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FIG. 6 is a simpli?ed plan vieW of the portion of the Wafer 
shown in FIG. 5 illustrating the electrical connections 
betWeen the IC and the end connectors in accordance With the 
principles of the invention. 

FIG. 7 is a simpli?ed perspective vieW of the portion of a 
Wafer showing the exposed sides of the end connectors for the 
singulated Wafer in accordance With the principles of the 
invention. 

FIGS. 8A, 8B, & 8C are simpli?ed section vieWs of a 
substrate (Wafer) depicting inventive processes used When a 
via is made that does not pass entirely through the Wafer. 

FIG. 9 is a How diagram illustrating a method embodiment 
for fabricating an surface mountable chip in accordance With 
the principles of the present invention. 

It is to be understood that in the draWings like reference 
numerals designate like structural elements. Also, it is spe 
ci?cally pointed out that the depictions in the draWings are not 
necessarily to scale. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed structure and method for 
fabrication of a surface mountable chip. In particular, the 
present invention has been shoWn and described With respect 
to certain embodiments and speci?c features thereof. The 
embodiments set forth herein beloW are to be taken as illus 
trative rather than limiting. It should be readily apparent to 
those of ordinary skill in the art that various changes and 
modi?cations in form and detail may be made Without depart 
ing from the spirit and scope of the invention. Accordingly, 
one skilled in the art Will recogniZe that the present invention 
may be practiced in a manner different from that speci?cally 
discussed in the present application. To maintain brevity, 
other embodiments of the invention that use the principles of 
the present invention are not speci?cally described in the 
present application and are not speci?cally illustrated by the 
present draWings. 

FIG. 1 is a perspective vieW of an embodiment of the 
invention. A semiconductor substrate 100 is depicted having 
an integrated circuit portion 110 and edge portions 120. As 
depicted here the edge portions 120 surround a centrally 
located integrated circuit portion 110. The substrate 100 is a 
semiconductor substrate. Examples include, but are not lim 
ited to, silicon, gallium arsenide, and other semiconductor 
substrate materials. An integrated circuit 111 is fabricated 
directly on the substrate 100 in the integrated circuit portion 
110. Additionally, the substrate 100 has electrical contacts 
111 formed in the edge portion 110. This con?guration forms 
the contacts 121 directly in the substrate. The bottom and top 
surfaces, as Well as the contact edges, can all be exposed in the 
contacts 121. Such a con?guration facilitates mounting of the 
embodiment on a circuit board con?gured to receive a stan 
dard IC in a leadless chip carrier. Advantageously, this 
embodiment dispenses With the need for a separate chip 
holder and also the need for Wire bonded connections 
betWeen the IC and the electrical contacts of the chip holder. 
Instead of Wire bonds, conductive connections betWeen the 
electrical contacts 121 and another mounting surface (e.g., a 
?nal assembly board) can be formed. For example, such 
connections can be formed of metals or conductive materials 
like, for example, solder, Which can be preformed, printed, 
dispensed, or otherWise deposited on the substrate. 
An example process embodiment for fabricating such inte 

grated chip holders is described herein. A semiconductor 
Wafer 200 is provided as shoWn in FIG. 2A. This Wafer can be 
of any type knoWn in the art. One typical embodiment Will 
employ a standard 200 mm (millimeter) silicon Wafer such is 
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4 
used throughout the semiconductor industry. Such Wafers are 
patterned and processed to form individual semiconductor 
integrated circuit dice. Once completed, the dice are singu 
lated to form individual IC die. FIG. 2B schematically illus 
trates a portion of the Wafer 200 shoWing a single die 201. The 
depicted die 201 is shoWn With saW streets 202 illustrated to 
de?ne Where a cutting apparatus Will be used to cut the die 
into separate die. 

FIGS. 2C, 2D & 2E schematically illustrate closer vieWs of 
the saW streets and electrical contacts for embodiments of the 
invention. In all depicted embodiments, the contacts extend 
into the saW streets 202. Referring ?rst to FIG. 2C, a plurality 
of electrical contacts 203 are formed at the edge regions of 
each die 201. The electrical contacts 203 all extend into the 
saW streets 202. During singulation the cutting process 
removed all the material in the saW street to segment the die 
from one another. Typically a saW is used for such a purpose. 
During singulation the overlapping portions of the contacts 
2030 are removed leaving exposed the side portions of the 
contacts 203. FIG. 2D shoWs a different approach to the same 
problem. One large electrical contact 203' for each of a pair of 
adjacent die extends completely across the saW streets 202. 
Each set of dice has several such adjoined contacts. Again, 
during singulation the cutting process cuts through the mate 
rial in the saW streets to segment the die from one another. 
Such singulation cuts through the extended portions of con 
tacts 203' in the saW streets 202 to expose the side portions of 
the contacts 203' and to singulate the die. In another embodi 
ment, such as shoWn in FIG. 2E a plurality of round electrical 
contacts 203" are formed at the edge regions of each die 201. 
The round electrical contacts 203" are typically drilled or 
etched into the substrate and then ?lled With conductive mate 
rial. A portion of the round electrical contacts 203" extend 
into the saW streets 202. As before, during singulation the die 
are cut apart, and in the process the portions of the contacts 
203" in the saW street are also cut aWay leaving exposed the 
side portions of the contacts 203". 

The folloWing ?gures help illustrate a fabrication process 
embodiment used to construct an surface mountable chip of 
the claimed invention. FIGS. 3A and 3B are schematic depic 
tions of a portion of a semiconductor Wafer 301. FIG. 3A is a 
cross-section vieW of the Wafer portion depicted in FIG. 3B. 
The depicted substrate (Wafer) can be a standard Wafer or one 
of many other Wafers knoWn to those having ordinary skill in 
the art. In the depicted embodiment, the Wafer is a standard 
200 mm silicon Wafer about 20 mils thick. The saW street 302 
is shoWn. In this embodiment, vias 303 are made in the Wafer 
301. Although not strictly necessary, the vias 303 can made 
completely through both sides of the Wafer 301 . Additionally, 
the vias 303 extend into the saW street 302 as shoWn. There 
can be any number ofvias 303 and the vias can be ofany siZe. 
HoWever, the major siZe and spacing determinative factor is 
the siZe and spacing of the allotted footprint onto Which the 
chip Will be mounted. Commonly, such vias siZes can be from 
about 150 micrometers (pm) to a feW millimeters in diameter 
(or in Width). Such vias can be formed using any of a number 
of processes knoWn to those having ordinary skill in the art. 
For example, Where round holes are preferred a precision drill 
can be used to make a number of holes in the substrate. 
Alternatively, the vias can be etched into the substrate using a 
Wide range of ordinary process techniques. In alternative 
embodiments, rectangular, square, or other shaped vias can 
be formed in the substrate. Such vias can be formed by a 
number of methods, but etching is a particularly attractive 
approach due to its ?exibility in establishing a Wide range of 
via shape 
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The vias 303 are subsequently ?lled With a conductive 
material. Metals such as aluminum and copper Would typi 
cally be employed. However, the invention is not limited to 
such, other conductive materials include, but are not limited 
to materials such as molybdenum, tungsten, or gold. But, the 
inventor points out that any solderable metals or metal alloys 
metals that can have a solderable metal electrolessly plated or 
otherWise adhered to it after singulation can be used. FIG. 4 
depicts the via 303 ?lled With a metal plug 304. In one 
process, the via 303 can be ?lled by depositing the desired 
metal in to the via until it is ?lled. Alternatively, a seed layer 
of conductive material can be deposited on the inner Walls of 
the via 303 and then the rest of the plug 304 could be formed 
by a bulk plating process. For example, electroless plating or 
electro-plating could be used to form the plug 304. If for 
example, copper Were chosen appropriate barrier layers could 
be used to seal the Wall of the via before the copper seed layer 
Was applied. 

The substrate is also patterned and processed to form inte 
grated circuit devices on the integrated circuit portion 305 of 
the substrate. As is Well knoWn in the art, such integrated 
circuits are formed in many patterned layers of material. In 
particular, the integrated circuit fabrication process includes 
metalliZation layers, Which form interconnect circuitry 
betWeen various circuit elements of the integrated circuit. As 
part of the metalliZation process, metal layers are formed on 
top of the plugs. During metalliZation processes various lay 
ers of metal can be stacked on top of one another over the plug 
3 05. Additionally, among the many metalliZation layers metal 
interconnections betWeen the plugs 304 and the circuitry of 
the integrated circuits can be established. 

FIG. 5 is a schematic cross-section vieW of the substrate 
301 after the fabrication of the IC 306 in the integrated circuit 
portion 305 of the substrate. Also depicted are the layers 307 
of conductive material stacked on the plug 304. Also depicted 
is one of the many conductive metalliZation lines 308 that 
interconnect the integrated circuitry 306 With the plugs 304. 
Such metalliZation lines can be constructed on any of the 
many metalliZation layers. 

FIG. 6 is a top doWn schematic vieW of a portion of a 
substrate constructed in accordance With the principles of the 
invention. The integrated circuit 306 is depicted in an inte 
grated circuit portion 305 of the substrate. The plug With 
metalliZation stacks 304/307 extend into the saW street 302. 
Additionally, the metal interconnect lines 308 are shoWn con 
necting the IC 306 With the plugs. 

FIG. 7 shoWs the substrate 301 after the Wafer has been 
singulated cutting through the saW streets exposing the edge 
portion of the plug to complete the edge mounted electrical 
contacts 310. 

FIG. 8A schematically depicts a related embodiment. A 
substrate (Wafer) 301 as previously described (for example 
With respect to FIG. 3A, 3B) is shoWn With saW streets 302 
depicted. A via 313 is formed in the Wafer 301. V121 313 does 
not pass all the Way through the Wafer 301. For example, if a 
Wafer 20 mils thick is used, the via 313 penetrates into the 
Wafer to a depth of in the range of 9 to 18 mils. The inventors 
point out that any depth can be used, but in one embodiment 
the via 313 is about 10 mils deep. The via 313 is ?lled With 
conductive material 314 as shoWn in FIG. 8B. The substrate 
301 is thinned to expose the backside surface of the electrical 
contact. This can be achieved either before or after the inte 
grated circuitry is formed on a surface of the substrate. Typi 
cally such thinning is achieved by backgrinding the substrate 
using methods knoWn to those having ordinary skill in the art. 
A thinned substrate is depicted in FIG. 8C Which is shoWn in 
readiness for further processing. The backside surface 315 
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6 
has been removed (by grinding, polishing, etching, or some 
other process) to expose a bottom surface 316 of the electrical 
contact 314. Further processing can be performed either 
before or after the backside thinning. Once the integrated 
circuits are formed they can be encapsulated, heat sinks and 
spreaders can be added, and they are singulated into separate 
dice. It should be noted that the invention can be formed With 
vias that extend through the entire Wafer thickness, thus 
eliminating the need for backgrinding. 

These integrated chip carrier integrated circuit devices dis 
pose of the need for Wirebonding to a chip carrier and so are 
quicker to make. 

FIG. 9 depicts a process How embodiment enabling the 
fabrication of integrated chip carrier integrated circuit 
devices in accordance With the principles of the invention. It 
is pointed out that it is not necessarily required to perform the 
described process operations in order, although certain pro 
cess advantages may be obtained by doing so. The inventor 
contemplates several different process ?oWs including the 
same steps. 
One embodiment of forming an integrated chip carrier IC 

device involves providing a semiconductor Wafer (Step 901). 
Generally, the Wafer comprises a plurality of integrated cir 
cuit (die forming) areas. Each integrated circuit area includes 
an integrated circuit forming region surrounded by edge 
regions. The separate integrated circuit areas are de?ned by a 
plurality of saW streets. A plurality of vias are formed in the 
edge portions of the integrated circuit areas (Step 903). A 
portion of each via is con?gured to extend into the saW streets. 
Some embodiments include vias that pass completely 
through the substrate While other embodiments do not. The 
vias are ?lled With a conductive material to form electrical 
contacts (Step 905). Such ?lling can be accomplished by 
deposition processes or more typically, by plating processes 
that are knoWn to those having ordinary skill in the art. Also, 
in an optional process, backside processing can be conducted 
to remove portions of the backside of the Wafer to expose the 
bottom of the electrical contacts (Step 906). Typically, such 
processing is only necessary When the vias do not pass 
entirely through the Wafer. 

In continuation, integrated circuit devices are fabricated in 
the integrated circuit regions (Step 907). Also, the integrated 
circuits are electrically connected With the electrical contacts 
that are associated With the integrated circuits (Step 909). 
This can be accomplished using a number of approaches. One 
particularly, advantageous approach uses electrically con 
ductive traces formed during metalliZation processes. In par 
ticular, embodiments that employ metalliZation processes 
used in fabricating the integrated circuits are advantageous. 
Such metalliZation can also be used to create stacked metal 
contacts on top of the electrical contacts. The Wafer can then 
be singulated by cutting in the saW streets to separate the 
individual integrated circuit devices and expose side portions 
of the electrical contact (Step 911). The purpose of the device 
is to have the ability to solder the completed product to a 
board or other substrate as required Without the need for 
packaging. This product can be sold as is or in other embodi 
ments further processing can be conducted. Such processing 
can include, but is not limited to encapsulation, thermal modi 
?cation (i.e., the addition of heat sinks and spreaders and the 
like), as Well as a number of other processes. 
The present invention has been particularly shoWn and 

described With respect to certain preferred embodiments and 
speci?c features thereof. HoWever, it should be noted that the 
above-described embodiments are intended to describe the 
principles of the invention, not limit its scope. Therefore, as is 
readily apparent to those of ordinary skill in the art, various 
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changes and modi?cations in form and detail may be made 
Without departing from the spirit and scope of the invention as 
set forth in the appended claims. Other embodiments and 
variations to the depicted embodiments Will be apparent to 
those skilled in the art and may be made Without departing 
from the spirit and scope of the invention as de?ned in the 
folloWing claims. Further, reference in the claims to an ele 
ment in the singular is not intended to mean “one and only 
one” unless explicitly stated, but rather, “one or more”. Fur 
thermore, the embodiments illustratively disclosed herein can 
be practiced Without any element, Which is not speci?cally 
disclosed herein. 

1 claim: 
1. A Wafer substrate for use in the construction of a plurality 

of integrated leadless chip carriers, the substrate comprising: 
a semiconductor Wafer having a plurality of integrated 

circuit regions divided by a plurality of saW streets; 
each integrated circuit region having edge portions that 

extend into the saW streets; and vias formed in the edge 
portions and arranged so that at least a portion of the vias 

8 
extend into the saW street, the vias ?lled With a conduc 
tive material to form edge contacts that do not extend 
completely through the Wafer and con?gured such that 
upper portions of the edge contacts comprise stacked 
metalliZation layers formed on top of the conductive 
material. 

2. The Wafer substrate of claim 1 Wherein the edge contacts 
include upper surfaces that are substantially circular in shape. 

3. The Wafer substrate of claim 1 Wherein the edge contacts 
include upper surfaces that are substantially rectangular in 
shape. 

4. The Wafer substrate of claim 1 Wherein integrated cir 
cuits are formed on a surface of the integrated circuit regions 
and electrically connected to the edge contacts. 

5. The Wafer substrate of claim 1 Wherein the vias that 
extend in to the saW streets extend completely across the saW 
streets joining With the vias associated With adjacent inte 
grated circuit regions. 


